ABSTRACT -in human epithelial A431 cells, modulation of its downstream signal transduction pathway caused by 1,2--ylation, resulting in activation of MEK/ERK signaling that was blocked by either PD15035 or PD98059.
INTRODUCTION
There are large numbers of reactive substances with different structures in the atmosphere; among them, atmospheric electrophiles are of interest because these chemicals react readily with protein thiols to yield a covalent modulation of cellular redox status and substantial alteration of redox signal transduction pathways (Kumagai et al., 2012) . For example, the atmospheric electrophile acrolein covalently modifies and inactivates cellular PTEN, resulting in activation of PKB/Akt kinase (Covey et al., 2010) . atmospheric electrophile produced by combustion of gasoline generating atmospheric particular matter with a diameter size less than 2.5 μm (PM2.5) from an air sample collected in Riverside, California, USA (Cho et al., 2004) . It was found that exposure of tracheal rings of guinea pig to -traction with an ED 50 value of 18.7 μM mediated through activation of epidermal growth factor receptor (EGFR) (Kikuno et al., 2006) . More interestingly, EGFR activation is thought to be caused by covalent binding of 1,2- (Miura et al. binds to protein tyrosine phosphatase 1B (PTP1B) that negatively regulates EGFR autophosphorylation (Tonks, 2003) through Cys121, resulting in inhibition of its catalytic activity, thereby activating EGFR under non-toxic conditions (Iwamoto et al., 2007) . Once EGFR is activated, its downstream effector molecules, such as MEK and ERK, should be activated (Avraham and Yarden, 2011) . As a result, DNA binding activity of AP-1 that is regulated by activated ERK (Roskoski, 2012) would be also -MEK/ERK/AP-1 signal transduction pathway.
MATERIALS AND METHODS

Materials
Ltd. (Tokyo, Japan). Naphthalene and anti-phospho-EGFR (Tyr1068) were obtained from Sigma (St. Louis, MO, USA). trans-1,2-Dihydroxy-1,2-dihydronaphthalene (DDN) was synthesized as reported previously (Kikuno et al., 2006 Cells and cell culture -phere containing 5% CO 2 medium (Wako, Osaka, Japan) supplemented with 10% fetal bovine serum, 2 mM GlutaMAX-1 and antibiotics (100 units/ml penicillin and 100 μg/ml streptomycin).
Western blot analysis
Cells were extracted with RIPA buffer consisting of 50 mM Tris-HCl (pH 7.5) containing 150 mM NaCl, 0.5% deoxycholate, 0.1% SDS, 1 mM EGTA, 0.4 mM EDTA and protease inhibitor cocktail. Each sample was normalized for a protein content of 20 μg and then mixed with half the volume of SDS-PAGE loading buffer containing 62.5 mM Tris-HCl (pH 6.8), 24% glycerol, 6% SDS, 15% 2-mercaptoethanol and 0.015% bromophenol blue. The samples were heated for 1 min at 95 C and separated in gels by SDS-PAGE (Laemmli, 1970) . Electrophoresed proteins were transferred onto PVDF membranes. Blots were blocked for 1 hr with 0.5% skim milk in TTBS (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.1% Tween 20), -ry antibodies. HRP-conjugated anti-sheep IgG antibody, HRP-conjugated anti-rabbit IgG antibody, and HRP-conjugated anti-mouse IgG antibody were used as secondary antibodies. Proteins bands on the membrane were detected by using chemiluminescence reagents according to the manufacturer's instructions (GE Healthcare, -resentative blots are shown from three or more experiments.
Cellular PTP activity
Cultured cells were treated with the indicated concen-PBS, cells were collected and lysed in RIPA lysis buffer. The resulting cell lysate (100 μg) was incubated with 4 mM p-nitrophenyl phosphate (pNPP), 50 mM TrisHCl (pH 7.5), 100 mM NaCl, and bovine serum albumin (0.1 mg/ml). The reaction was allowed to proceed for 20 min at 37°C and terminated by the addition of 1.8 ml of 1 M NaOH. The pNP formed was determined at 400 nm using a Hitachi U-1500 spectrophotometer (Tokyo, Japan).
Electrophoresis mobility shift assay (EMSA)
The nuclear extracts of cells were extracted with the NE-PER nuclear extraction reagent (Pierce City, IL, USA). Oligonucleotide probes were end-labeled with 32 P]ATP after hybridizing the complementary strands.
of 10 μl containing 5.0 μg of nuclear extract, radiolabeled cpm/0.1 ng), 10 mM Tris-HCl pH 7.9, 100 mM KCl, 1 mM MgCl 2 , 3 mM EDTA, 1 mM dithiothreitol, 10% glycerol, and 300 ng of poly(dI-dC). After binding for 30 min at 25°C, the DNA-protein complexes were resolved on a 4% native TBE (Tris-borate-EDTA) gel in 0.5× TBE buffer. The gels were dried and exposed to autostranded oligonucleotide probe was AP-1 (CGCTTGAT-GAGTCAGCCGGAA). Representative blots are shown from three independent experiments.
Statistical analysis t-test,
RESULTS AND DISCUSSION
It is recognized that autophosphorylation of EGFR is negatively regulated by PTP and thus decreased PTP activity is involved in EGFR activation (Tonks, 2003) . Our previous observation indicated that exposure of -ity and activation of EGFR in A549 cells (Iwamoto et al. ous cellular proteins as determined by immunoblot anal- ) and activated EGFR as determined by its phosphorylation at Tyr1068 in a concentration-dependent manner (data not shown) in A549 cells. When A549 -EGFR reached a plateau level at 15 min, and then rapidly Vol. 38 No. 5 conditions, activation of not only MEK but also ERK was observed in a time-dependent manner (Fig. 1B) . In contrast, activation of p38 and JNK were not observed under the same conditions (data not shown). Naphthalene and DDN do not modify PTP1B; therefore, the catalytic activity of PTP1B is unaffected because of their lack of electrophilicity (Iwamoto et al., 2007) and do not affect EGFR/MEK/ERK signaling (Fig. 2) , demonstrating the -MEK/ERK signaling in A549 cells is attributable to increased EGFR phosphorylation, pretreatments with speshown in Fig. 2, PD98059 , an inhibitor for MEK (Dudley et al. PD153035, a blocker of EGFR (Fry et al., 1994) , sig-ERK signaling occurs through EGFR phosphorylation. Transcription factor AP-1 is a heterodimer molecule consisting of c-Fos and c-Jun, and phosphorylation of c-Fos regulated by activated ERK is found to stabilize this protein (Whitmarsh and Davis, 1996) . As shown -could activate AP-1 in A549 cells. Consistent with this, DNA binding activity of AP-1 to TPA responsive ele--sure, whereas such an increase in the DNA binding activet al., 1998) (Fig. 4B ).
otic electrophile that modulates the MEK/ERK/AP-1 signal transduction pathway through activation of upstream kinase EGFR. Because such an activation of the signaling was not observed with naphthalene and DDN, it seems -lar proteins is essential for the EGFR/MEK/ERK signaling as reported previously (Iwamoto et al., 2010) . Under A549 cells. Therefore, a reasonable explanation for these such as PTP1B, resulting in inhibition of enzyme activity, thereby activating EGFR, followed by its downstream kinases, MEK and ERK. Although ERK is localized in the cytoplasm of cells under normal conditions, activated (phosphorylated) ERK is translocated into the nucle- us and then interacts with transcription factors to regulate gene expression (Roskoski, 2012) . In this study, we found component of transcription factor AP-1 (Fig. 4A) , suggesting that c-Fos appears to undergo phosphorylation --duction pathway as shown in Fig. 4B .
There is little doubt that EGF regulates EGFR/MEK/ ERK signaling in a variety of cells (Avraham and Yarden, 2011) . Alternatively, ERK is also reported to participate in cell death through the suppression of the antiapoptotic signaling molecule Akt (Zhuang and Schnellmann, 2006) . the signal transduction pathway controlled by endogenous molecules. We speculate that modulation of EGFR/MEK/ -utes, at least partially, to the pharmacological and toxicological activity of this atmospheric electrophile.
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